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0 Railway track circuits. 



© A railway track circuit system is described, in 
which there is a transmitter 15,16 and receiver 19,20 
at each end of a track circuit section 4. Each re- 
ceiver receives signals from the transmitter at the 
opposite end of the section and the received signals 
are analysed to determine whether a vehicle is 
present in the track circuit section. Where adjacent 
track circuit sections are also provided with a trans- 



mitter and a receiver at each of their ends, the 
transmitters 14,17 and receivers 18,21 at adjacent 
ends of adjacent track sections 3,5 can be con- 
nected to a track circuit unit 8,9 to allow that unit to 
check, when a vehicle appears to have left one track 
circuit section, that it has entered an adjacent sec- 
tion. 
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This invention relates to railway track circuits. 

Railway track circuits are used to detect the 
presence or position of railway vehicles in a length 
of railway track. A track circuit system typically 
comprises two rails of the railway track, side-by- 
side, each coupled near one end of a section of the 
track with a transmitter of electrical signals and 
near the other end with a receiver. When a vehicle 
is on the rails of the track circuit section of track its 
axles electrically connect the rails to each other 
and this is detected by the receiver as a change in 
the signal received from the transmitter. In a length 
of track there may be several such track circuit 
sections separated by, for example, insulative 
breaks in the rails, fixed connections between the 
rails ("shorting straps"), or electric filters having an 
inductance and/or capacitance which prevent the 
propagation of track circuit signals past the filter 
from one section of the track to another. 

In such a system, if a break occurs in a rail 
then the transmitted electrical signals may leak 
through earth to the receiver, bypassing the track 
circuit and preventing a vehicle in the track section 
from being detected. If, because no vehicle is 
detected, it is assumed that there is no vehicle in 
the section and the section is therefore assumed to 
be safe for a second vehicle to enter then an 
accident could result. This is a problem with con- 
ventional track circuit systems. 

To overcome this problem it is known for the 
receiver units of a track circuit to transmit data to 
an overall control system which can compare data 
from adjacent track circuit sections to ensure that a 
vehicle has entered one section of track when it is 
assumed to have left another section. However, this 
is inconvenient because it requires the control sys- 
tem to perform a function additional to its control 
function. It is preferable to have all vehicle detec- 
tion functions performed outside the overall control 
system. 

Also, in a conventional track circuit system the 
signal transmitted at one end of a track circuit 
section is attenuated as it passes through the rails 
to the receiver at the other end of that section (as 
illustrated in Figure 1). Therefore, the voltage of the 
signal in the region of track near the receiver is 
relatively low. This causes problems because, un- 
less the receiver is extremely sensitive, the change 
in the level of the received signal when a train 
connects together the rails in that region is particu- 
larly low and is not easily detected - especially if 
there is, for example, oil lying on the track which 
disrupts the connection between the rails made by 
the train. British Patent Specification No. 2 073 928 
describes a track circuit system in which a receiver 
and a transmitter are provided at each end of a 
track circuit section, each receiver being capable of 
receiving signals from the transmitter at the op- 



posite end of the track section to it. In determining 
the presence and/or position of any train in one 
track circuit section the system makes no use of 
the results of signalling in other track sections. 

5 Therefore, any determination of whether a train has 
moved from one track section to another must be 
performed by the system's overall control system. 

Other examples of track circuit systems are 
described in United States Patent Specifications 

to Nos. 3 575 595, 3 829 682 and 4 498 650. 

According to one aspect of the present inven- 
tion there is provided a railway track circuit system 
for detecting the presence and/or position of a 
vehicle on a railway track, the track having elec- 

75 trically conductive rails including first and second 
track circuit sections adjacent one another, the 
system comprising a first transmitter of signals, a 
second transmitter of signals, a first receiver, for 
receiving signals from the second transmitter, and 

20 a second receiver, for receiving signals from the 
first transmitter, the first transmitter and the first 
receiver being coupled with the rails in the first 
track circuit section near a first end of that section 
and the second transmitter and the second receiver 

25 being coupled with the rails in the first track section 
near a second end of that section, and a third 
transmitter of signals coupled with the rails in the 
second track circuit section near a first end of that 
section and a third receiver, for receiving signals 

30 from the third transmitter, coupled with the rails in 
the second track circuit section near a second end 
of that section, the first transmitter and the third 
receiver being connected to a single discrete track 
circuit unit for estimating the impedance of the first 

35 track section and for determining whether a signal 
from the third transmitter is received by the third 
receiver at a strength greater than a predetermined 
strength. 

Each track circuit section may suitably have 
40 respective first and second transmitters and receiv- 
ers. 

At least one of the transmitters may be capable 
of transmitting signals intermittently in a predeter- 
mined pattern which identifies that transmitter or 

45 the track circuit section in which it is connected. 

The rails could be divided into track circuit 
sections by, for example, shorting straps, electric 
filters or by insulative breaks on the rails. Each 
transmitter or receiver could be coupled to the rails 

so either by direct connections or by an inductive 
coupling. 

According to a second aspect of the invention, 
there is provided a railway track circuit system for 
detecting the presence and/or position of a vehicle 
55 on a railway track, the track having electrically 
conductive rails including a track circuit section, 
and the system including a transmitter of signals 
coupled with the rails, wherein the transmitter is 
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capable of transmitting signals intermittently in a 
predetermined pattern. 

According to a third aspect of the present 
invention there is provided a method for detecting 
the presence and/or position of a vehicle on a 
railway track, the track having electrically conduc- 
tive rails including first and second track circuit 
sections adjacent one another, the method com- 
prising measuring the impedance of the first track 
circuit section to find the presence or position of a 
vehicle in that section and testing for the presence 
of a vehicle in the second track circuit section if the 
measurement of the impedance of the first track 
circuit section suggests that a vehicle has passed 
from the first track circuit section to the second 
track circuit section, and wherein the measurement 
of the impedance of the first track circuit section 
and the testing for the presence of a vehicle in the 
second track circuit section are performed by a 
single discrete unit. 

According to a fourth aspect of the invention 
there is provided a method for detecting the pres- 
ence and/or position of a vehicle on a railway track, 
the track having electrically conductive rails includ- 
ing a track circuit section and there being a trans- 
mitter of signals and a receiver for receiving sig- 
nals from the transmitter, each being coupled to 
the rails, the method comprising causing the trans- 
mitter to transmit signals intermittently in a pre- 
determined pattern. 

The present invention will now be described by 
way of example with reference to Figures 2 to 5 of 
the accompanying drawings in which: 

Figure 2 is a schematic diagram of a track 
circuit system; 

Figure 3 shows an example of the variation of 
the measured impedance of a track circuit sec- 
tion with time as a vehicle moves through the 
track circuit section in a direction away from a 
unit measuring the impedance; 
Figure 4 shows an example of the variation of 
the measured impedance of a track circuit sec- 
tion with time as a vehicle moves through the 
track circuit section in a direction towards a unit 
measuring the impedance; and 
Figure 5 illustrates the variation of the strength 
of transmitted signals through a track circuit 
section. 

Figure 2 shows two rails 1, 2 divided into three 
track circuit sections 3, 4, 5 by shorting straps 6, 7. 
Connected between the rails near each end of each 
track circuit section is a track connection unit 10, 
11, 12, 13 which can both transmit and receive 
signals in its track circuit section. Each track con- 
nection unit is connected to a track circuit unit 8, 9 
which transmits and receives signals to and from 
the track connection unit. Where two track circuit 
sections meet and there are two adjacent track 



connection units these are connected to a single 
track circuit unit. 

Each track connection unit is connected to a 
transmitting unit 14, 15, 16, 17 and a receiving unit 

5 18, 19, 20, 21 in a track circuit unit. The transmit- 
ting units send signals to their respective track 
connection units and the receiving units receive 
signals from their respective track circuit sections 
via their respective track connection units. Each 

70 track circuit unit also includes an occupation, de- 
tection and control unit 22, 23. This transmits sig- 
nals to control the transmitting units of that track 
circuit unit and receives voltage and current signals 
from those transmitting units and data signals from 

75 the receiving units of that track circuit unit. The 
voltage and current signals give information con- 
cerning the voltages and currents used by the 
transmitting units and the data signals give in- 
formation concerning the signals received by the 

20 receiving units. 

While the system is operating, each track cir- 
cuit unit causes its transmitting units to transmit 
signals via their respective track connection units 
into the rails of their respective track circuit sec- 

25 tions and can also receive signals, via its track 
connection units and their respective receiver units, 
from the other track connection units in those track 
circuit sections. For example, referring to Figure 2, 
track circuit unit 8 causes transmitting units 14 and 

30 15 to transmit signals via track connection units 10 
and 11 respectively into the rails of track circuit 
sections 3 and 4 respectively. At the same time it 
can receive signals via track connection unit 11 
from track connection unit 12 (which is in the same 

35 track circuit section as track connection unit 11) 
and via track connection unit 10 from another track 
connection unit (not shown) in track circuit section 
3. Each transmitting unit in a track circuit section 
transmits signals into that track section having a 

40 different carrier frequency to the other transmitting 
unit in that section. The signals transmitted by 
each transmitting unit are of a characteristic type 
which allows them to be identified as having been 
transmitted by that unit. 

45 Two methods of measurement are used by the 
system to detect the presence and position of 
vehicles. First, by measuring and analyzing the 
voltage and current used by a transmitting unit for 
a particular track circuit section, the occupation, 

so detection and control unit of a track circuit unit can 
determine the impedance of that track circuit sec- 
tion. This can be used to determine the position of 
a vehicle in that track circuit section because, in 
general, the impedance of the track circuit section, 

55 as measured by the track circuit unit, is less when 
a vehicle is present than when no vehicle is 
present and is lower the closer the vehicle is to the 
point at which the track connection unit via which 
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the measurement if being made is connected to 
the track. Second, when a vehicle is present in a 
track circuit section and its axles connect the two 
rails of track this greatly reduces the level of sig- 
nals passing between the track connection units in 
that section. This effect can provide a test for the 
presence of a vehicle in a track circuit section. 

For the first method of measurement to be 
used the impedance of the track circuit section 
when no vehicle is present must be known; and for 
the second method of measurement to be used 
each transmitter must transmit a signal sufficiently 
strong to be received by its corresponding receiver 
when no vehicle is present. Therefore, when the 
system is started the system performs tests to 
ensure that it will subsequently operate correctly. 

Each track control unit is given information 
relating to the lengths of the connections between 
its track connection units and their respective track 
circuit sections and to the lengths of these track 
circuit sections. From this information the imped- 
ance encountered by its transmitters for those track 
circuit sections may be estimated. Then each track 
circuit unit causes its transmitting units to transmit 
signals and from its measurements of the voltages 
and currents used by the transmitting units the 
impedance of the track circuit sections to which 
those units are connected is estimated more pre- 
cisely. To further increase the accuracy of this 
method the measurements of voltage and current 
are taken at a series of different frequencies and 
the results of those measurements are compared. 

To ensure that the signals transmitted by each 
track circuit unit in a track circuit section are strong 
enough to be detectable by the other track circuit 
unit in that track circuit section each track circuit 
unit causes its transmitting units to transmit in- 
formation identifying themselves and indicating the 
level of signal being received by them from the 
transmitting units of the other track circuit units in 
their respective track circuit sections. This informa- 
tion is received by the other track circuit units who 
use the information to determine whether to alter 
the strength of the signal transmitted by their trans- 
mitting units. This process continues until the 
strengths of the signals transmitted by each trans- 
mitting unit are satisfactory. 

When the system is operating normally, each 
track circuit unit monitors the impedance encoun- 
tered by its transmitting units. For example, refer- 
ring to Figure 2, the occupation, detection and 
control unit 22 of track circuit unit 8 monitors the 
impedance of track circuit section 3 using the volt- 
age and current signals it receives from transmit- 
ting unit 14 and monitors the impedance of track 
circuit section 4 using the voltage and current 
signals it receives from transmitting unit 15. When 
a vehicle enters track section 4 the measured im- 



pedance of that section falls and the subsequent 
changes in the measured impedance of the section 
depend on the subsequent movement of the ve- 
hicle. If the vehicle has entered the track circuit 

5 section from the end farthest from the point at 
which track connection unit 1 1 is connected to that 
track circuit section then as the vehicle approaches 
that track connection unit and then passes into 
track circuit section 3 the impedance of the track 

w circuit section as measured by occupation, detec- 
tion and control unit 22 will vary generally as 
shown in Figure 3: the impedance decreases as 
the vehicle approaches track connection unit 11, 
remains constant until the last axle of the vehicle 

75 passes the point at which track connection unit 1 1 
is connected to the track and the vehicle enters 
track circuit section 3, and the impedance then 
rises to its original level. If the vehicle has entered 
the track circuit section from the end nearest to the 

20 track circuit unit 8 than as it recedes from that unit 
and passes into track circuit section 5 the mea- 
sured impedance of the track circuit section will 
vary as shown in Figure 4: the impedance remains 
constant until the last axle of the vehicle has 

25 passed the point at which track connection unit 1 1 
is connected to the track and then rises until the 
vehicle leaves track circuit section 4 when the 
impedance returns to its original level. Therefore, it 
is possible for the system to deduce the direction 

30 of movement of vehicles within track circuit sec- 
tions. 

When, by monitoring the impedance of a track 
section, a track circuit unit detects that a vehicle 
has passed from one of the track circuit sections in 

35 which its track connection units are connected into 
the other such section it conducts a test to confirm 
the vehicle's presence in the latter track section 
and to ensure that no fault has occurred, for exam- 
ple because of earth leakage. The track circuit unit 

40 tests for any signal received via its track connec- 
tion unit in the section into which the vehicle is 
thought to have passed. If no vehicle is present, a 
signal should be received from the other track 
connection unit in that section. If a vehicle is 

45 present, little or no such signal should be received. 
Therefore, where such a signal was previously re- 
ceived, if no such signal is now received or the 
received signal is now below a threshold level then 
that is taken to be confirmation that the vehicle has 

so indeed entered the section. Otherwise, if the signal 
is now above the threshold level or is not of the 
type transmitted by the other track connection unit 
in that section or if no signal was previously de- 
tected then a possible fault in the system has been 

55 detected. For example, referring to Figure 1, if 
track circuit unit 8 detects, by monitoring the im- 
pedance of track circuit section 3, that a vehicle 
has passed from track circuit section 3 to section 4 



A 



7 



EP 0 539 046 A2 



8 



then it tests the signal it receives from track con- 
nection unit 1 1 to find whether that unit is receiving 
a signal from track connection unit 12. If such a 
signal is not received, where previously one was 
received, then that confirms the passage of the 
vehicle into track circuit section 4. 

Each track circuit unit may be connected to an 
overall control system to which it transmits data 
concerning the presence and position of vehicles it 
detects. Since two track circuit units have track 
connection units in any particular track circuit sec- 
tion the data from these units may be compared by 
the overall control unit to confirm the position of a 
vehicle in that section or to test for faults in the 
track circuit system. Alternatively, adjacent track 
control units may be connected together by con- 
nections 24, 25, 26 to allow them to compare data 
concerning the presence and position of any ve- 
hicles in the track circuit section in which they both 
have track connection units. That data may then be 
transmitted to an overall control system. 

The two track connection units in a track circuit 
section may each transmit signals continuously or 
intermittently into that track section. If signals are 
transmitted intermittently by a track connection unit 
then they may be transmitted in a pattern which is 
characteristic of that unit or of the track circuit 
section into which it is transmitting. This allows a 
train equipped with a receiver to determine which 
track circuit section it is in by receiving and inter- 
preting the pattern. 

The provision of a transmitter at each end of 
the track circuit section overcomes the problem 
which arises when, due to attenuation, only a rela- 
tively weak signal is present in some regions of the 
track circuit section. Instead, the levels of the sig- 
nals in a track circuit section are generally as 
shown in Figure 5: each signal becomes weaker as 
it travels further from its transmitter but there is no 
region of the circuit where only a very weak signal 
is present. 

In Figure 2, the track connection units are 
indicated as being connected directly to the rails 
but, instead, they could be coupled inductively with 
the rails without the need for a direct connection. 

Claims 

1. A railway track circuit system for detecting the 
presence and/or position of a vehicle on a 
railway track, the track having electrically con- 
ductive rails including first and second track 
circuit sections adjacent one another, the sys- 
tem comprising a first transmitter of signals, a 
second transmitter of signals, a first receiver, 
for receiving signals from the second transmit- 
ter, and a second receiver, for receiving sig- 
nals from the first transmitter, the first transmit- 



ter and the first receiver being coupled with 
the rails in the first track circuit section near a 
first end of that section and the second trans- 
mitter and the second receiver being coupled 

5 with the rails in the first track section near a 

second end of that section, and a third trans- 
mitter of signals coupled with the rails in the 
second track circuit section near a first end of 
that section and a third receiver, for receiving 

70 signals from the third transmitter, coupled with 

the rails in the second track circuit section 
near a second end of that section, the first 
transmitter and the third receiver being con- 
nected to a single discrete track circuit unit for 

75 estimating the impedance of the first track 
section and for determining whether a signal 
from the third transmitter is received by the 
third receiver at a strength greater than a pre- 
determined strength. 

20 

2. A railway track circuit system according to 
claim 1 , in which the first end of the first track 
circuit section is adjacent the second end of 
the second track circuit section. 

25 

3. A railway track circuit system according to 
claim 1 or claim 2, in which the track circuit 
unit is adapted to estimate, from an estimate of 
the impedance of the first track circuit section, 

30 the position of a vehicle in that track circuit 
section. 

4. A railway track circuit system according to any 
preceding claim, in which the track circuit unit 

35 is adapted to determine, from a determination 

of whether a signal from the third transmitter is 
received by the third receiver at a strength 
greater than a predetermined strength, whether 
or not a vehicle is present in the second track 

40 circuit section. 

5. A railway track circuit system according to 
claim 4 as dependent on claim 3, in which the 
track circuit unit is adapted to determine 

45 whether a signal from the third transmitter is 

received by the third receiver at a strength 
greater than a predetermined strength in re- 
sponse to an estimate of the impedance of the 
first track circuit section suggesting that a ve- 

50 hide has passed out of the first track circuit 

section towards the second circuit track sec- 
tion. 

6. A railway track circuit system according to any 
55 preceding claim, in which the system includes 

a control unit for receiving data from the track 
circuit unit concerning the presence and/or po- 
sition of vehicles in the first and second track 
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circuit sections. 

7. A railway track circuit system according to any 
preceding claim, in which one of the transmit- 
ters is capable of transmitting signals intermit- 
tently in a predetermined pattern. 

8. A railway track circuit system according to 
claim 7, in which the pattern is characteristic of 
the track circuit section in which the said one 
of the transmitters is coupled. 

9. A railway track circuit system according to 
claim 7 or claim 8, in which the pattern is 
characteristic of the said one of the transmit- 
ters. 



14. A method as claimed in claim 13, wherein the 
pattern is characteristic of the track circuit sec- 
tion in which the transmitter is coupled. 

5 15. A method as claimed in claim 13 or claim 14, 
wherein the pattern is characteristic of the 
transmitter. 



70 



75 



10. A railway track circuit system for detecting the 
presence and/or position of a vehicle on a 
railway track, the track having electrically con- 20 
ductive rails including a track circuit section, 

and the system including a transmitter of sig- 
nals coupled with the rails, wherein the trans- 
mitter is capable of transmitting signals inter- 
mittently in a predetermined pattern. 25 

11. A method for detecting the presence and/or 
position of a vehicle on a railway track, the 
track having electrically conductive rails includ- 
ing first and second track circuit sections adja- 30 
cent one another, the method comprising mea- 
suring the impedance of the first track circuit 
section to find the presence or position of a 
vehicle in that section and testing for the pres- 
ence of a vehicle in the second track circuit 35 
section if the measurement of the impedance 

of the first track circuit section suggests that a 
vehicle has passed from the first track circuit 
section to the second track circuit section, and 
wherein the measurement of the impedance of 40 
the first track circuit section and the testing for 
the presence of a vehicle in the second track 
circuit section are performed by a single dis- 
crete unit. 

45 

12. A method as claimed in claim 11, wherein the 
single discrete unit is a track circuit unit. 

13. A method for detecting the presence and/or 
position of a vehicle on a railway track, the so 
track having electrically conductive rails includ- 
ing a track circuit section and there being a 
transmitter of signals and a receiver for receiv- 
ing signals from the transmitter, each being 
coupled to the rails, the method comprising 55 
causing the transmitter to transmit signals in- 
termittently in a predetermined pattern. 
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